INTRODUCTION
============

Acrylic resins are the most frequently used materials in the fabrication of removable dentures \[[@b1-jod-9-180]\]. The majority of denture bases are made from heat-cure acrylic resins which are believed to result in the release of certain toxic chemicals such as formaldehyde, methyl methacrylate, methacrylate acid and benzoic acid, causing serious reactions in the surrounding tissues. The major element causing these reactions is the methyl methacrylate monomer present in the denture base which can be released into the saliva \[[@b2-jod-9-180], [@b3-jod-9-180]\]. The amount of released monomer depends on factors such as the type of resin, polymerization reaction, the length of the polymerization cycle and the thickness of the resin \[[@b4-jod-9-180]--[@b6-jod-9-180]\]. The degree of harmfulness of these acrylic resins is associated with their route of insertion and their availability in the environment \[[@b7-jod-9-180]\]. On the other hand, frequent use of antigenic materials in dentistry can cause hypersensitivity reactions in the oral mucosa \[[@b8-jod-9-180]\]. Denture base resins have exhibited variable degrees of cellular toxicity in vitro and tissue sensitivity reactions in vivo which may be attributed to the level of residual monomers after completion of polymerization reaction \[[@b9-jod-9-180]\].

Variations in the components, structure and the purity level of the available resins in the market, the monomer conversion rate and manipulative variables may affect the physical and biochemical properties or the toxicity of the resins \[[@b10-jod-9-180]--[@b12-jod-9-180]\].

Weaver and Goebel reported that patients tend to suffer from less sensitivity reactions when their dentures are immersed in warm water \[[@b13-jod-9-180]\]. In another study, Vallittu et al. evaluated the effect of polymerization time and temperature on the residual monomers in denture bases. Their results indicated that compared to the heat-cure type, self-cure acrylic resins release more free methyl methacrylate \[[@b4-jod-9-180]\]. Huang et al. evaluated the toxicity of three denture base resins; a self-cure resin, a light-cure resin, and a heat-cure resin and evaluated the cytotoxic reaction of primary oral epithelial and fibroblast cells of the buccal mucosa. The order of the resins in terms of cytotoxicity in both the primary epithelial cells and buccal fibroblasts were as follows: light-cure\>heat-cure\>self-cure \[[@b11-jod-9-180]\]. Futura Gen is a self-cure auto-polymerized acrylic resin used in the fabrication of denture bases via the injection method. Based on the manufacturers' claim, contrary to the previous types of this product, Futura Gen is more acceptable in terms of color stability and because of the initiator system in this product i.e. copper ions and modified barbituric acid, less residual monomer remains in the denture base. Other positive characteristics of Futura Gen include dimensional stability, adaptability, ease of manipulation and cleanliness \[[@b14-jod-9-180]\].

GC Reline Hard is an improved methyl methacrylate-free acrylic resin which is used for chairside reline. Reduced heat production, odor and chemical irritation, greater adaptability, less time consuming complicated laboratory procedure and minimal porosity are claimed to be some of the positive properties of this product \[[@b15-jod-9-180]\].

To the best of our knowledge, there is lack of published articles and reliable evidence evaluating the cytotoxic effects of Futura Gen and GC Reline Hard acrylic resins. To ensure the safety of dental materials, tissue biocompatibility tests should be conducted. Thus, this study aimed to determine the cytotoxicity of these two products in comparison with conventional heat-cure resins in vitro.

MATERIALS AND METHODS
=====================

To evaluate the cytotoxicity of three denture base acrylic resins, this experimental study was designed according to Vojdani et al. research \[[@b16-jod-9-180]\]. The cells were obtained from Pasteur Institute, Tehran, Iran and subjected to evaluation after 1-hour, 24-hours, and one-week incubation periods. The experimented resins were GC Reline Hard (GC America Inc.), Futura Gen (Schutz, Germany) and Meliodent (Heraeus Kulzer, Germany). The acrylic resin specimens were produced in molds prepared by the investment of circular dies (10 × 1 mm) within the flask. The heat cure specimens were polymerized using the long polymerization cycle (9 hours, 165°F/73.5°C). The acrylic resins were then deflasked and polished to the desired dimensions.

For the GC Reline Hard groups, the acrylic specimens were prepared by packing the GC Reline material into the molds subjected to pressure to undergo polymerization. The cured resins were eventually polished.

The Futura Gen resins were made according to the manufacturer's instruction using the injection technique via Unipress system (Schutz-Dental GmbH, Rosbach, Germany). Prior to cytotoxicity testing, the dimensions of all specimens were measured by a digital vernier caliper.

To evaluate the cytotoxicity of acrylic base resins, we initially passaged the fibroblasts in the culture flasks.

After reaching an adequate volume of cultured cells, the cells were detached from the walls of the plate via a mixture of trypsin-EDTA. Cells were then plated in 24-well tissue culture plates (3×10^5^ cell/cm^2^) \[cell:RPMI media = 0.1:0.9ml\] containing the acrylic discs.

In order to raise the number of cells to 3×10^5^, after using trypsin and collecting the cells, the cells were counted using a neobar lam and the cell volume in the flask was raised to the desired level. A certain amount of these cells were subsequently extracted and exposed to Trypan blue (as a vital stain).

The cell vitality was evaluated under conventional microscope (×40 magnifications) where viable cells failed to absorb the stains. The number of viable cells required for the succeeding stages of the experiment should be over 90%. The fibroblast suspension was placed in the 24-well plates and the RPMI-1640 media along with antibiotics streptomycin and penicillin and 10% FBS (Fetal Bovine Serum) were added to the plates. The plates were then incubated (5% CO~2~, 37°C, over 90% humidity) and evaluated after 1 hour (for immediate inflammatory reactions), 24 hours (for acute inflammatory reactions) and 1 week (for chronic inflammatory reactions).

For MTT assay \[3-(4,5-dimethythiazol-2-yl)-2,5-diphenyl tetrazolium bromide\], 100 μl of the MTT solution was added to the plates and incubated for 4 hours in 37°C. Had the cells been able to reduce the solution, an insoluble, dark purple product called formazan was produced. The plates were then removed from the incubator and the excess volume of the solution in the wells was gently removed using a sampler and discarded. 200 μl of an acid-alcohol solution was added to each well. The acid and the alcohol were hydrochloric acid and isopropyl alcohol, respectively. The acid-alcohol solution was thoroughly mixed with the containments of the well using the sampler. Eventually, 100 μl of each resulting suspension was placed in ELISA plates and read via the ELISA reader.

Plates with no acrylic resin discs containing only the fibroblast and the RPMI-1640 media made up the negative control group. For the positive control group, however, we added distilled water to the fibroblasts. Distilled water lacks ions and therefore disturbs the osmotic balance of the cells resulting in cell lysis.

In order to minimize bias, the specimens were coded throughout the entire procedure of the experiment and the operator and the data assessor remained blind.

The effect of time and the type of resin were analyzed using the repeated measure ANOVA test. Furthermore, to evaluate the differences in light absorption on different intervals among the resin groups, one-way ANOVA and post-hoc Tukey's test was implied and P values lower than 0.05 were considered significant. Data were analyzed using SPSS software, version 15.0.

RESULT
======

The statistical analysis revealed that time (P\<0.001) and the type of resin (P\<0.002) significantly affected cytotoxicity with each resin group demonstrating different levels of cytotoxicity on different intervals (except for the 1-week interval). However, the results failed to reveal any significant impact of time and the type of resin as combined covariates on the ultimate cytotoxicity (P\>0.07). Thus, their effect is recognized as independent factors.

The mean (±SD) light absorption for GC Reline Hard, Meliodent and Futura Gen after 1 hour were 0.39(±0.058), 0.48(±0.11) and 0.36(±0.071), respectively. The two-way ANOVA revealed a significant difference among the groups in terms of cytotoxicity after 1 hour representing immediate inflammatory response to the resins (P\<0.03). Furthermore, Tukey's test results providing paired comparisons between the groups demonstrated a significantly less light absorption in the Futura Gen group compared to the Meliodent group (P=0.03). The test failed to reveal any significant differences between the Futura Gen and GC Reline Hard groups or Meliodent and GC Reline Hard groups, respectively.

The mean (±SD) light absorption for the Meliodent, Futura Gen, and GC Reline Hard groups after 24 hours were 2.19 (±0.49), 2.106 (±0.34) and 1.61 (±0.36), respectively. The two-way ANOVA revealed a marked difference in terms of cytotoxicity between the groups after 24 hours (P=0.02), which represented the acute phase of inflammation. The post-hoc Tukey's test further demonstrated that light absorption in the GC Reline Hard group was significantly less than the Meliodent group (P=0.02). The test failed to reveal any significant differences between the GC Reline Hard and Futura Gen groups or Meliodent and Futura Gen groups, respectively.

The mean (±SD) light absorption for the Meliodent, Futura Gen, and GC Reline Hard groups after 24 hours were 2.21 (±0.13), 2.14 (±0.31) and 1.81 (±0.307), respectively. One-way ANOVA results revealed no significant difference among the groups in terms of cytotoxicity (P\>0.09). Because of lack of significant difference among the groups, we failed to perform additional paired comparison between them ([Figure 1](#f1-jod-9-180){ref-type="fig"}).

DISCUSSION
==========

The results of the present study indicated that the three groups of resins displayed various levels of cytotoxicity after 1 and 24 hours. The cytotoxicity level, however failed to show significant differences among groups after one week. The immediate inflammatory reaction to Futura Gen resin was significantly higher than Meliodent resin after a 1-hour incubation period; however, no significant difference was observed between Futura Gen and the GC Reline Hard resins or GC Reline Hard and the Meliodent group. After 24 hours (acute phase of inflammation), the cytotoxic effect of GC Reline Hard resin was shown to be significantly greater than the Meliodent resin and the Futura Gen resin, respectively. Futura Gen and Meliodent resins failed to show significant differences in cytotoxicity during the acute phase of inflammation. All groups showed relatively the same level of toxicity after one week (chronic phase of inflammation).

In general, Futura Gen and GC Reline Hard resins rendered a lower degree of light absorption indicating a higher level of toxicity, which varied among groups and the time intervals in terms of statistical significance.

Given the importance of rinsing in the elimination of toxic chemicals, it is recommended to immerse dentures in water before delivery. This has been said to reduce tissue hypersensitivity to different denture base resins to varying degrees \[[@b13-jod-9-180]\]. Sheridan et al. reported that the cytotoxic effect of acrylic resins was greater in the first 24 hours after polymerization and decreased with time for all the resins evaluated in their study \[[@b17-jod-9-180]\]. Lack of significant difference in cytotoxicity among the tested resins after one week in comparison with the cytotoxicity pattern after 24 hours may be because of the differences in the released substances and their cytotoxic effect on tissues. Moreover, different patterns of cytotoxicity may also be associated with the methods of polymerization and the chemical composition of the resin systems \[[@b18-jod-9-180]\].

The method of polymerization is a decisive feature in the cytotoxicity of denture base acrylic resins. According to Hensten-Pettersen and Wictorin \[[@b19-jod-9-180]\], the cytotoxic effect is greater in autopolymerized resins than in heat-polymerized resins. The cytotoxic effect of heat-activated, chemically-activated and microwave-activated acrylic resins on gingival fibroblasts were also reported by Sheridan et al. \[[@b17-jod-9-180]\], who observed that among the tested materials, the greatest cytotoxic effect was produced by the chemically activated acrylic resins. The presence and the amount of free monomers in the resin is one of the most important factors in inducing the cytotoxic reaction and greater residual monomer has been shown to cause greater cytotoxicity \[[@b20-jod-9-180]\]. According to the manufacturers of the Futura Gen and GC Reline Hard, these resins have been claimed to have less residual monomer remains in the denture base, yet, the results of the present study have proven otherwise. Huang et al. revealed that cold-cure acrylic resins are significantly more cytotoxic to oral epithelial cells (CCL-17) and human buccal mucosa fibroblasts compared to heat-cure and light-cure acrylic resins. The present study resembled Huang's report and demonstrated that the peak level of reaction is observed after 24 hours subsiding gradually after 5 days \[[@b18-jod-9-180]\]. Similarly, Ata and coworkers revealed that auto polymerized acrylic resins display greater levels of cytotoxicity \[[@b20-jod-9-180]\].

Furthermore, the concentration of residual monomers varies with the methods and conditions of polymerization \[[@b20-jod-9-180], [@b21-jod-9-180]\]. Vallitu et al. performed a study with two autopolymerized resins in which the reaction was initiated by barbituric acid and two heat-polymerized resins activated by benzoyl peroxide. The results showed that autopolymerized resins exhibited higher contents of residual methyl methacrylate than the heat-polymerized resins. This may be due to the rise of temperature in heat-polymerized resins, which resulted in mobility of the molecular chains, thereby facilitating the conversion of monomer into polymer \[[@b4-jod-9-180]\]. Moreover, Lamb et al. observed that levels of residual monomers in autopolymerized resins were higher for specimens polymerized at 22°C, as compared with those polymerized at 55°C. Therefore, it seems reasonable to suggest that the autopolymerized acrylic resins should be heat-treated to decrease cytotoxic effects \[[@b22-jod-9-180]\]. The toxic elements in resins include formaldehyde, methyl methacrylate, methacrylic acid, benzoic acid, dibutyl phthalate, phenyl benzoate, phenyl salicylate, dicyclohexyl phthalate and additives such as hydroquinone, benzoyl peroxide and N-N dimethyl toluidine \[[@b21-jod-9-180],[@b23-jod-9-180],[@b24-jod-9-180]\]. Formaldehyde in comparison with methyl methacrylate is a more potent material requiring more attention \[[@b25-jod-9-180]\]. The origin of formaldehyde is not completely clear and may be a result of methacrylate oxidation or decomposition of oxygen-methacrylate copolymer. The amount of formaldehyde is also related to the residual methyl methacrylate and the means of polymerization \[[@b26-jod-9-180]\]. When methyl methacrylate and methacrylate acid bind with an oxidizing agent as the initiator of heat polymerization reaction, a significant amount of formaldehyde is released. The oxidation reactions per se have also been deemed effective in the production and release of formaldehyde \[[@b21-jod-9-180]\]. The release of formaldehyde in air saturated water was found to be larger than in argon-saturated water. The differences in quantity represent formaldehyde formed by oxidation of unreacted methacrylate in the polymerized material. The results also demonstrate that the quantity of released formaldehyde is dependent on the processing conditions of the denture base polymer. The quantity of released formaldehyde from different heat-cured materials is of the same magnitude. The release of relatively small quantities of formaldehyde from heat-cured materials is probably due to the fact that the oxygen-methyl methacrylate copolymer is thermally unstable. At the processing conditions of the heat-cured materials with 30 min in boiling water, the polymeric peroxide will decompose to a great extent and the volatile formaldehyde will diffuse out of the denture base materials. Prolonged time at high temperatures should further decrease the quantity of releasable formaldehyde \[[@b27-jod-9-180]\].

The results indicated that the greatest level of cytotoxicity is observed after one-hour incubation period. This may be because of the culture conditions during the first hour. In other words, fibroblasts should be able to adapt themselves with the cell growth conditions during the first hours. The least level of cytotoxicity was observed after 24 hours and after one week, cytotoxicity was at a median level. It appears that after the first 24 hours, the residual monomers start to leak in water and thus less monomer is present to cause tissue damage \[[@b27-jod-9-180], [@b28-jod-9-180]\]. During the polymerization reaction, the free radicals react with oxygen and thus, the inhibition rate should be a function of oxygen gradient \[[@b29-jod-9-180]\]. Numerous studies have evaluated the cellular toxicity of denture base resins \[[@b13-jod-9-180],[@b17-jod-9-180], [@b30-jod-9-180]--[@b32-jod-9-180]\]. The findings of the present study confirming some degree of cytotoxicity among all the tested resins, was in line with the other reports \[[@b12-jod-9-180],[@b33-jod-9-180]\]. Lai and colleagues demonstrated that the cytotoxic effect of the resin monomer (containing MMA) on human PDL fibroblast is dose dependent \[[@b34-jod-9-180]\]. Our findings regarding the cytotoxic effect of cold-cure and heat-cure resins on L929 mouse fibroblast (except the GC Reline Hard resin which is claimed to lack MMA) confirmed the latter. Fibroblasts are the dominant cells in the gingival connective tissue and since the acrylic resin is in close contact with the attached epithelium, even in complete absence of inflammation (which is theoretically impossible), molecules lower than 100 Kda (kilodalton) can penetrate into the underlying connective tissue, providing a passage for the resin monomer to reach the connective tissue cells. Another reason for choosing mouse fibroblasts was their availability \[[@b35-jod-9-180]\]. Various tests have been implemented to evaluate the cytotoxicity of different biomaterials in vitro. H-thymidine assay is a precise test in which the number of DNA synthesizing cells is counted. However, because of the high cost, advanced technology and the associated radioactive wastes, this test is seldom used in experiments \[[@b36-jod-9-180]\]. But due to wide range of applicability and ease of access of MTT assay, we implemented this method in our evaluation. According to Wagner et al., the MTT assay is recommended as a screening tool and should not be used as a precise means of quantitative measurement of lymphocyte proliferation in canines \[[@b36-jod-9-180]\]. Furthermore, in experimental evaluations of cytotoxicity, in order to avoid depletion of toxic chemicals in the environment and to obtain more precise results, it is recommended to evaluate the immediate inflammatory reaction to these substances, which in our study, was performed after the first hour. The results of the present study may not be completely applicable in clinical conditions; however, as a simple means of evaluation and with the elimination of confounding variables, in vitro studies are frequently regarded as sources of evidence in evaluating the cytotoxicity of denture base resins \[[@b27-jod-9-180]\]. Hence, in generalizing the results of in vitro studies to clinical practice, limitations in the simulation of in vivo conditions should be taken into consideration. On the other hand, acrylic resins are increasingly used in reline and denture base repair procedures and since they have long been thought to impose very little risk on oral tissues, no biological analysis has been performed on them prior to their application in clinical practice \[[@b36-jod-9-180]\]. Considering that all the acrylic resins in the present study demonstrated some degree of cytotoxicity, further experimental and clinical evaluation, using different methods is required. Moreover, further long term studies (over one week) evaluating the effect of different substances associated with denture base resins can provide the researchers with further details of the nature of the tissue irritation \[[@b37-jod-9-180]\].

CONCLUSION
==========

We found that all the tested resins displayed cytotoxic effects on fibroblasts. The Futura Gen and GC Reline Hard displayed greater levels of cytotoxicity at all times compared to the heat-cure Meliodent resin and the highest and lowest levels of cytotoxicity among all groups were observed after 1 hour and one week-incubation period, respectively.
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